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Abstract
We have been studied about non-contact measurement of respiration and heart rates. In previous papers, the measurement system of
small velocity using the M-sequence-modulated signal and phase diﬀerence of reﬂected signals from the target has been proposed.
In this paper, we describe measurement of breathing and heartbeat in a standing position using the proposed method. Body-surface
velocities by breathing and heartbeat could be observed respectively when the volunteer was breathing and holding the breath. In
addition, measured velocity of breathing volunteer includes the component by heartbeat. It is considered that it has possibility to
measure breathing and heartbeat concurrently.
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1. Introduction
Acoustic measurement in air has great potential to obtain various types of information about objects in a wide
range, such as their position, shape, and movement. Because of a growing need for unconstrained medical monitoring
for unobtrusively observing individuals at home[1, 2, 3, 4, 5], we have been studied about non-contact measurement
of vital information such as respiration and heart rates in living space using airborne ultrasound. In previous papers,
we have proposed the measurement system of small velocity using the M-sequence-modulated signal, moving target
indicator (MTI) ﬁlter and tracking phase diﬀerences and also evaluated processing error of the proposed system[6].
In this paper, we describe measurement of breathing and heartbeat in a standing position using the proposed
method. We performed the experiment with the volunteer in a standing position without clothes as a basic study.
Velocities of body surface by breathing and heartbeat are measured under situations that the volunteer is breathing
and holding the breath, respectively. Then, concurrent measurements of breathing and heartbeat of breathing volun-
teers are veriﬁed.
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2. Method
2.1. Measurement conﬁguration
Body-surface velocities by breathing and heartbeat in a standing position were measured by analyzing the reﬂected
signals from body. Measurement conﬁguration is illustrated in Fig. 1. The volunteer without clothes stood in front of
the loudspeaker and the microphone. Transmission and receiving of signals were repeated at intervals of 50 ms for 60
s. In measurement of heartbeat, the volunteer was holding the breath. Transmission and receiving of the signal were
repeated at intervals of 50 ms for 30 s. In the proposed measurement system, the M-sequence-modulated signal was
used as the transmitted signal. An M-sequence is a binary pseudo-random sequence, and an M-sequence-modulated
signal is a burst signal phase modulated by an M-sequence. The signal-to-noise ratio (SNR) of received signals are
increased by pulse compression using cross correlation In this measurement, the 8th-order M-sequence-modulated
signal was used that the improvement of the SNR is 24 dB. Figure 2 shows received signals using a burst wave and
signals processed by pulse compression using the M-sequence-modulated signal. It can be seen that the SNRs of the
received signals was improved. The career frequency of the signal was 40 kHz. The wavelength of the signal was 8.6
mm. The laser Doppler vibrometer (LDV) was used as the reference to compare measurement result of body-surface
velocities using ultrasound. The measurement point of the LDV was consisted with the center of ultrasonic beam. The
contact-type cardiac sensor was also attached to the neck of the volunteer as the reference of the heart rate. Because
a breathing period was not measured except the acoustic method, a breathing period was controlled at a constant rate
in this experiment. To keep the breathing period for 4s as the reference, we showed the breathing period to a subject
with the movie and the subject breathed according to the direction of the screen.
2.2. Signal processing
First, received signals was processed by pulse compression using cross correlation. Next, body-surface velocities
were estimated by tracking phase diﬀerence of received signals after pulse compression. The sampling frequency of
the system was 800 kHz. It corresponds to the spatial resolution of 0.4 mm. This spatial resolution is not enough
to measure body-surface displacement by heartbeat. Then, phase diﬀerences of reﬂected signals, that is, diﬀerences
of time of ﬂights (TOFs), were calculated. Velocities were calculated using phase diﬀerences and intervals of trans-
mission of signals. In this technique, using the ith and (i + 1)th received signals after processing pulse compression,
mi(t) and mi+1(t), we calculated the phase diﬀerence, arg(mi+1(t)) − arg(mi(t)). The phase diﬀerence between tempo-
rally adjacent reﬂected signals corresponds to the diﬀerence of its TOF between interval of measurement. It can be
converted to body-surface velocity. In previous papers, an MTI ﬁlter was also used to eliminate the reﬂected signals
from stationary objects and improve detectabilities of the reﬂected signals from moving target. In this measurement,
an MTI ﬁlter was not used because the reﬂected signals from stationary objects was much small.
3. Results and discussion
Figures 3–4 show results of the measurement. Figure 3 (i) and Fig. 4 (i) show results when the volunteer was
breathing, and Fig. 3 (ii) and Fig. 4 (ii) show results when the volunteer was holding the breath. Figure 3 (a) shows
received signals. Direct signals from the loudspeaker to the microphone and reﬂected signals from body can be seen at
around 0 ms and 6 ms in each ﬁgure. Figure 3 (b) shows 2-D plots of phase diﬀerence. The horizontal axis is the TOF
of the signal, and the vertical axis is the transmitted time of ultrasound. Phase advance and delay can be seen around
the TOF of the reﬂected signal from body. Figure 4 (a) shows body-surface velocities that calculated using phase
diﬀerences at the TOF of the reﬂected signal and measurement results of LDV. Figure 4 (b) shows frequency spectra
of Fig. 4 (a). Results of measurements using ultrasound are plotted as blue lines and that using LDV are plotted as red
lines. Figure 4 (c) shows outputs of the cardiac sensor and Fig. 4 (d) shows frequency spectra of Fig. 4 (c). Measured
heart rates are indicated by arrows.
Comparing measurement results using ultrasound and LDV, measured velocity using ultrasound was larger than
that using LDV. However, waveforms of each measured velocities were coincident. It is considered that large velocity
than the measurement point of LDV because of large ultrasonic beam width. In the measurement when the volunteer
was breathing, the component by breathing can be seen at 0.25 Hz in frequency spectrum as shown in Fig. 4 (i) (b).
In the measurement when the volunteer was holding the breath, the component around 1.4 Hz can be seen in addition
to noises below 1 Hz as shown in Fig. 4 (ii) (a). Because this frequency is coincident to heart rate, it is found that this
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component was caused by heartbeat. As a result, respiration and heart rates can be measured respectively when the
volunteer is breathing and holding the breath.
In addition, there is small peak around 1.5 Hz that considered the component by heartbeat. Comparing Fig. 4 (i) (a)
with Fig. 4 (i) (d), because this small peak is coincident to heart rate, it is found that measured velocity of breathing
volunteer includes the component by heartbeat. As a result, it is found that the body-surface velocity by breathing and
heartbeat could be measured concurrently by separating using center frequency diﬀerence.
4. Conclusion
We tried to measure breathing and heartbeat of the volunteer without clothes in a standing position. In this mea-
surement, the M-sequence-modulated signal was used as the transmitted signal to improve SNRs of reﬂected signals
from body. Body-surface velocities were calculated using phase diﬀerences between temporally adjacent reﬂected
signals.
Velocities by breathing and heartbeat could be observed respectively when the volunteer was breathing and hold-
ing the breath despite measured velocities include unneeded noise below 1 Hz that considered to be body motion. In
addition, it is found that measured velocity of breathing volunteer includes the component by heartbeat. It is con-
sidered that the proposed measurement system has possibility to measure respiration and heart rates concurrently by
separating using center frequency diﬀerence.
Fig. 1. Measurement conﬁguration
in a standing position.
Fig. 2. (a) Received signals using a burst wave, (b) signals processed by pulse
compression using the M-sequence-modulated signal.
Fig. 3. (a) Received signals, (b) 2-D plots of phase diﬀerences. The measurement was performed when the volunteer was (i) breathing, (ii) holding
the breath.
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Fig. 4. Results of measurements: (a) measured body-surface velocities using ultrasound and LDV, (b) frequency spectra of (a), (c) outputs of the
cardiac sensor, (d) frequency spectra of (c). The measurement was performed when the volunteer was (i) breathing, (ii) holding the breath.
